Introduction. We sought to compare the performance of endovascular cooling to conventional surface cooling after cardiac arrest. Methods. Patients in coma following cardiopulmonary resuscitation were cooled with an endovascular cooling catheter or with ice bags and cold-water-circulating cooling blankets to a target temperature of 32.0-34.0
Introduction
Each year an estimated 165,000 people in the United States have an out-of-hospital cardiac arrest, and many more undergo in-hospital resuscitation [1] [2] [3] [4] . Those that survive may have devastating neurological impairments from global ischemic brain injury. Mild-to-moderate therapeutic hypothermia for 12 to 24 hours has been shown to improve neurological outcome in two randomized clinical trials of comatose survivors following out-of-hospital ventricular fibrillation arrest [5, 6] . Based on the results of these trials, the 2005 American Heart Association guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care recommended to consider the use of therapeutic hypothermia for unconscious adult patients with return of spontaneous circulation after witnessed out-of-hospital ventricular fibrillation arrest (Class IIA) and nonventricular fibrillation and in-hospital cardiac arrest (Class IIB) [7] . The 2010 guidelines continue to recommend therapeutic hypothermia in these patients, now as Class I and Class IIB recommendations, respectively [8] .
In spite of the data and guidelines hospitals in the United States have been slow to adopt therapeutic hypothermia in the routine management of comatose postcardiac arrest patients [9] . This may be in part explained by physician unfamiliarity with therapeutic hypothermia and in part by the labor intensiveness and inaccuracy of surface cooling using ice bags and cooling blankets [10] . Most studies to date have used conventional surface-based cooling techniques (ice bags and cool air or water blankets), which are generally slow and imprecise in achieving and maintaining target temperature. Animal models suggest that a delay in cooling abates the neurological benefits of mild hypothermia and that deep hypothermia has no added benefit over mildto-moderate hypothermia [11, 12] . Endovascular cooling techniques have shown promise in providing more rapid and precise temperature regulation than conventional surface cooling techniques and have been shown to be feasible in postcardiac arrest patients, but data on their utility is scarce [13] [14] [15] [16] . The purpose of this study is to compare the performance of endovascular versus conventional surfacebased cooling in comatose postcardiac arrest patients.
Materials and Methods
This was a longitudinal comparative study of consecutive comatose postcardiac arrest survivors, who were treated with our institution's hypothermia protocol (see the appendix). All patients were sedated and paralyzed to ensure comfort and prevent shivering. Target core temperature measured by bladder temperature was 32.0-34.0
• C for 24 hours followed by spontaneous or passive rewarming over 12 hours. The start of the 24-hour cooling period was designated as the time of the written order to initiate the therapeutic hypothermia protocol and included the organizational time required for setting up the surface or endovascular cooling equipment and for the catheter insertion. All patients had bladder temperatures recorded hourly from the initiation of the cooling protocol. This study was approved by our institutional review board. This catheter system has a feedback loop controlling target temperature by using a temperature sensing esophageal probe. In patients who underwent endovascular cooling, surface cooling was initiated until the catheter could be inserted. Patients did not receive ice-cooled intravenous fluids. The catheter was removed at the end of the 24-hour cooling period, and spontaneous or passive rewarming occurred over 12 hours.
The performance of endovascular versus surface-based cooling was compared by assessing the following variables: (1) number of hourly recordings in target temperature range (32-34
• C) during the 24-hour cooling period, (2) time elapsed from the written orders to initiate the cooling protocol and the target temperature achieved (time required to insert the catheter was included in this time period), and (3) frequency of predefined adverse events possibly related to hypothermia or the use of an endovascular catheter or surface cooling technique during the first 7 days after cardiac arrest. Data was collected using the patients' medical records. Details of the diagnostic criteria for adverse events may be found at the bottom of Table 1 .
Statistical Analysis.
Continuous variables were analyzed with the Wilcoxon Rank-Sum test. Categorical variables were analyzed with the Fisher's exact test. Group differences were considered significant at P < .05.
Results
Forty-one cardiac arrest patients underwent hypothermia between February 2004 and September 2006 at our hospital: 15 with surface and 26 with endovascular cooling. In five patients in whom hypothermia was considered using endovascular cooling, surface cooling was used instead, because of a failed attempt at catheter placement (N = 1), a contraindication to catheter placement (N = 2) or the general ICU team preferred surface cooling (N = 2). There were no differences in baseline characteristics between the two groups except for a higher proportion of patients with ventricular fibrillation arrest in the endovascular group and a strong trend towards a higher proportion of renal failure on admission in the surface cooling group (Table 1 ). Figure 1 shows the temperature curves of each patient in both groups. The median duration within target temperature range was 19 of the 24 hours (interquartile range (IQR), [16] [17] [18] [19] [20] for the endovascular group versus 10 hours (IQR, 7-15) for the surface cooling group (P = .0001). Median time from initiation of the cooling protocol to target temperature was 4 hours (240 minutes) (IQR, 2.8-6.2 hours) in the endovascular group versus 4.5 hours (270 minutes) (IQR, 3-6.5 hours) in the surface group (P = NS). All patients in the endovascular group reached target temperature, but Stroke Research and Treatment 3 one patient in the surface group never did. Three patients (12%) in the endovascular group had temperatures below 32
• C for more than one hour, compared to 7 (47%) in the surface group (P = .022). However, one of the endovascular patients was initially treated with surface cooling and started off below target temperature. Median time from actual physical insertion of the catheter to target temperature was 114 minutes (IQR, . The frequency of predefined adverse events related to cooling or cooling technology in the first week was similar in both groups (Table 1 ). There was a trend towards more frequent hypotension and arrhythmias in the endovascular group. No catheter-related procedural complications and no skin injuries were observed. Mortality was 62% (16/26) for the endovascular group and 73% (11/15) for the surface group. Twenty-six percent of the patients in the endovascular group were discharged home, 4% to a rehabilitation facility, and 8% to a nursing home.
Of the surface group, 7% went home, 7% went to a rehabilitation facility, and 13% went to a nursing home.
Discussion
The results of this study demonstrate that temperature control using the Celsius Control System Innercool catheter is more accurate in keeping patients in the target temperature range than surface cooling with ice bags and cooling blankets. Two similar studies also found that endovascular cooling is superior to surface cooling in maintaining a target temperature [15, 16] . Further, another study found that unintentional overcooling occurred in the majority of patients (63%) treated with ice bags and conventional cooling blankets [17] . In our study this occurred in 12% of the patients in the endovascular group and 47% of the surface group. Accurate temperature control is important 4 Stroke Research and Treatment as body temperatures above target temperature may offer less neuroprotection and body temperatures below target may produce more pronounced side effects. The observed trend of higher frequencies of hypotension and bradycardia in our endovascular group probably may reflect an overall longer duration of lower body temperatures in this group during the cooling maintenance phase compared to the surface group but it may also be related to the position of the catheter in relative proximity to the heart. We felt that a pragmatic comparison between the two cooling methods in our study was the most appropriate and decided to compare them from the time point that it was decided to initiate the cooling protocol to reaching target temperature, hence including the organizational time required to implement each one of the two cooling techniques. After all, if one technique cools patients faster than another, but requires more time to initiate because of process issues, its apparent benefit may be negated. We observed a trend to reach target temperatures faster in the endovascularcooled group despite the additional time required to move the patient to an intensive care unit bed or the cardiac catheterization laboratory prior to insertion of the catheter. Furthermore, sometimes a neurointensivist traveled from home to place the catheter. Adjunct cooling methods, such as ice-cooled intravenous fluid infusions, might have decreased the time to target temperature in both groups but were not used during the study period [18] .
There was a trend towards better neurologic outcomes in the endovascular group. This finding may be based on imbalances in baseline characteristics and should not be interpreted as a suggestion of better clinical outcomes with endovascular cooling. Further, with increasing familiarity with the use of hypothermia at our institution, the time from arrest to initiation of cooling protocol decreased over time and tended to be less in the endovascular group. Thus, data of this study cannot be used to compare the clinical benefit of endovascular with surface cooling.
While this study did not specifically measure nursing satisfaction with the two cooling techniques, part of the reason we changed to endovascular cooling from surface cooling was that the nursing staff found the surface method very labor intensive. The application and removal of the ice bags and cooling blankets to maintain the target temperature was difficult and time consuming for the nursing staff. Despite the nurses efforts some patients would remain above or below the target range. The endovascular method, once in place, frees the nurse to focus on other duties, because temperature is automatically maintained in target range. Both techniques require an additional piece of equipment to be in the patient's room and make transporting a patient more cumbersome. Special attention must be paid by the nurse when turning or transporting the endovascularly cooled patient as the patient's leg must be kept straight on the insertion side. For the physician the endovascular technique is more labor intensive, and for those unfamiliar with the device it will require procedural training for placement.
Limitations of this study include its nonrandomized design and imbalances in the baseline characteristics between the two groups; however, we intended to compare performance of cooling technologies and not patient outcome. It is possible that newer, more sophisticated surface cooling technology, such as adhesive surface devices with patient temperature feedback to computer-controlled temperature management systems, performs even better than endovascular cooling techniques. Similarly, there may also be differences in performance among various commercially available cooling catheters. Other studies have reported effective temperature control and safety with the Icy catheter and CoolGard system [13, 14] . Finally we did not do a cost comparison between the two groups.
Conclusions
Endovascular cooling to mild-to-moderate hypothermia is feasible in comatose postcardiac arrest patients. When compared with conventional surface cooling it is more accurate in maintaining target temperature, but it is not faster in terms of reaching target temperature, because of time lost to logistic issued associated with catheter insertion and setting up the cooling console. Further studies are needed to assess if differences in cooling accuracy translate into better clinical outcomes.
A.2. Exclusion Criteria
(1) Any other overt reason to be comatose (e.g., sedating drugs, drug overdose, status epilepticus).
(2) Pregnancy.
(3) A known terminal illness preceding the arrest.
(4) Known pre-existing coagulopathy or bleeding.
(5) Pre-existing do not intubate code status and patient not intubated as part of the resuscitation efforts.
A.3. Protocol (Goal Temperature 33.0 • C to Be Achieved as Soon as Possible)
(1) Hypothermia should be initiated as quickly as possible. For out-of-hospital arrests the ED attending in conjunction with the neurocritical care/stroke team will make the decision to implement the protocol. For in-hospital arrests, the neurocritical care/stroke team in conjunction with the CCU or ICU fellow in charge of the patient will make the decision.
(2) Page Neurology resident in house for immediate neurological assessment prior to pharmacologic paralysis. Do not delay initiation of cooling pending assessment.
(3) Immediately place ice bags under the armpits, next to the neck, on the torso and limbs.
(4) Temperature sensing Foley catheter should be placed, otherwise rectal or tympanic temperatures should be used (in that order) until Foley placement.
(5) Two cooling blankets should be used, one under and one over the patient. Both should be set to maximum cooling.
(6) The room thermostat should be turned off. (1) The neurocritical care/stroke team should be paged as part of the standard protocol for considering hypothermia following cardiac arrest. The neurocritical care/stroke team will evaluate the patient for endovascular cooling. (5) The neurocritical care/stroke team will place the endovascular catheter. Cooling will then be initiated using the innercool console to a target temperature of 33 • C for 24 hours. All external cooling elements may be discontinued. Rewarming will take place passively over 12 hours to a target temperature of 36.5-37
• C.
(6) An abdominal X-ray should be obtained following placement of the catheter, but initiation of the endovascular cooling should not be delayed pending the result of the study. 
